
Fr
A D— A 0M 3 Ofl HUMAN ENSINEERINI LAS ASEROCEN PROVINI 5*01*40 MD F/I 5/toPHYSIOLOG ZCAL CORRELATES OF PERFORMANCE ZN A LONG DURATION REPE——ETc( u)

MI 77 N .1 CARRIERO
UNCLASSIFIED EL ’TN-2i.7?

~~~‘ P! 
_ _ _ _

END
0*11

FILMED

9 —77
Doe



lAD

C~ Technical Memorandum 21-77

PHYSIOLOGICAL CORRELATES OF PERFORMANCE IN A LONG DURATION

REPETITIVE VI SUAL TASK

Nicholas J. Carriero

June 1977
AMCMS Code 611102.74A001 1

AUG 19 1~ii

AppToved for public relesie; 

~
j L1Ut~Y[! [f ~distribution unlimited.

U. S. ARMY HUMAN ENGINEERING LABORATORY

Aberdeen Proving Ground, Mary$and
•

‘



~EC uRI rY  c L a s s ~~ I r A r I o N  OF THIS PAGE ~Th.n 0., . Bnf.,.d)

DEDADT r~(tf .I I&AEbJ TATIrSIJ  P AI t  READ INSTR UCT ION S

“‘ ‘~~~“-“ “ U  ~ BEFORE COMPLETIN G FORM
REPORT NUMBER 2. GOVT ACCESSION NO. IPIEN r’S C A T A L O G  NUMBER

c~ h n k ,il Memorandum 21-77 -
-_ _ _ _ _ _ _ _ _ _ _ _

&_ Ijfl..L.J
~~

gj
~~~

”-’ —~-—-.-- ..--. —~~-— ~~-—- .~~~~~ •~~•--. —~ -. 4 .yPE OF REPOR~~~~,PERIOD COVERED

(/ ~ PHYSk)LOGICAL CORRELATES OF PERFORM ANCE IN!
•\ LONG DURATION REPETITIVE VISUA L TASK S / Final /

. , -.~ ING ORG. REPORT NUMBER

7 AU HOR(a)~~~~~~~~~~.._~~~... . B. CONTRACT OR GRANT NUMBER(.)

~ / 
)
~) \fthUI.4’, ).~~arr iero
L - _______ ..

~~~:
‘, ______________________________

9 PER FORMING O RGANI ZAT$QI e—W~ ME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT , T A S K
AREA a WORK UNIT NUMBERS

I ‘~ •\rrn~ Human Engineering Laboratory
•\hi ’ rJ ~en P~ II~ ng Ground , MD 21005 / AMCMS Code 611102.74A001 1

I I  C O N T R O L L I N G  O F F IC E  NAME AND ADDRESS /“ I2. RIPORI..DA IE

Juns 1~ 77 ,
Or P AG ES

__________________________________________________________ 

25
44 MONITORIMG AGENCY NAME B AO DRESS(If dIU.rwt from Controllln4 Off lc.) 15. SECURITY CLASS. (of hi. r.port) 

~~i LJ ) ’ / ,-

/ ‘7 / 
— 1/ f / /  — ‘

~~ / 1 Unclassified
- “

~ f / ‘ I IS.. DECLASSIFICATION /DOWNGRADING

— --.---. -.--.- ——-—— .-- -- .. - -  SCHEDULE

16. DISTRIBUTI ON STATEMENT (of fbi. R.port) .-~~~

Approved fur public release ; distribution unlimited. / ~ -

!7. D ISTRIBUTION S T A T E M E N T  (of lb. abstract wt.r.d In Block 20, if dIfl .rwt fro. , R.port)

IS. SUPPL EMENTARY NOTES

IS. KEY WORDS (Co.,fIn,~. or, ,...v.. aid. If n.c...ory .id Id.ntify by block nim.b.r)

Vigilance
Visual Task
Physiological Correlates
Long.Term Perfo rmanLe

2%~ A~~~TWA C1 (~~~ f~~ a~ — ..,sv It . ...i y d lds.tl& By block m b.,)

‘~ This study examined the effectiveness of heart activity (HR), respiration (R ESP), muscle activity
(EMG) ,  skin conductance (SCL), and brain wave activity (EEG) as discriminators of correct VS.

incorrect performance in a repetitive visual task of approximatel y 2 hours’ duration. Separate
analyse s were made of the data to distinguish the operation of task difficulty from performance
accuracy. In addition, both of the analyses were repeated using standard score transforms of the
raw data to compensate for individual differences. An interactive statistical design was employed
to assess the differential changes of the physiological variables with accuracy over time. This —

(Continued)

00 
~ 

w3 ~~~~~~~~ ~~
, , 

~~~~ •• ,~ ~~~~~~~~~~

j  r~i ~
- :‘ r’°~’-) SECUU TY CLAUIFICATION OF ThIS PAGE (~~ .n 0.4. Ent.r.d)

_ _ _  -- 
-



SECU R ITY CLA SSIFICATION OF THIS PAOE(W?i.n 0.1. Srn.r.d ~

20. ABSTRACT (Continued from front )

~~design proved to b~ of crucial importance in assessing this relationship since the accuracy main
effect for RESP , EMG , and HR was nonsignificant in all four data treatmen ts. The
accuracy-by-time interactions were significant in a number of instances and established the
efficacy of these parameters as discriminators of performance adequacy. Additionally, the
standard score transforms proved essential to establishing these relationships when the variance in
task difficulty was eliminated. The implication of these findings for the development of an
alertness indicator is also discussed.

—

SECUBITY C~~ASIIFICA?I ON OF THIS PAG((ItI~.n D.4a EnI.r.d)

- - 

•



AMCMS Code 611 102.74A001 1 Technical Memorandum 21-77

PHYSIOLOGICAL CORRELATES OF PERFORMANCE IN A LONG DURATION

REPETITIVE VISUAL TASK

N icho las J .  Carriero

~ ~~~ /
V. i~e ~~~

DUC I~ ,I ~fl 9
9

JUS~I ft

BY -
— ~ 1~ 1~ ES

~V~.I~IAL

- 

June1977

APPROVEDX t~~/4~~
)F.L4.

~,(‘JJ~ T-IN D. WE ISZ
~~ ~~irector

¶J.S. Army Human Eng ineer ing Laboratory

U. S. ARMY HUMAN ENGINEERING LABORATORY
Aberdeen Proving Ground, Maryland 21005

Appcovsd rot pubUc r.~.sse ;

distributIon unlimited .

~1 
_ _  _ _  

_ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _

_ _ _  ___- ~~~~~— --~~~~~~~~~~ ~~~—---- . -
~
--- - ~- —~ — -  -~~~---

---~~~~~~~~~~~--~~~~~---



From: VIGILANCE: Theory, Operationar Performance and
Physiological Correlates

Edited by Robert R. Mackie
IFienum Press, 1977]

PHYSIOLOGICAL CORRELATES OF PERFORMANCE IN A LONG DURATION

REPETITIVE VISUAL TASK

Nicholas John Carriero

U.S. Army Human Engineering Laboratory

Aberdeen Proving Ground, Maryland, USA

ABSTRACT

This study examined the effectiveness of heart activity (HR),
respiration (RESP), muscle activity (EMG), skin conductance (SCL),
and brain wave activity (EEG) as discriminators of correct vs. in-
correct performance in a repetitive visual task of approximate ly 2
hours ’ duration. Separa te analyses were made of the data to distin-
guish the operation of task difficulty from performance accuracy.
In addition, both of the analyses were repeated using standard score
transforms of the raw data to compensate fo r ’ indi vidua l differences.
An interactive statistical design was emp lcyed to assess the differ-
ential changes of the p hysio log ica l var iab~.-es with accuracy over time .
This design proved to be of crucial importance in assessing this re-
lationship since the accuracy main effect for RESP, EMG, and HR was
nonsignificant in all four data treatments. The accuracy-by-time
interactions were significant in a number of instances and estab-
lished the efficacy of these par ameters as discriminators of perfor-
mance adequacy . Additionally, the standard score transforms proved
essential to estab lishing these relationship s when the variance in
task di f f icul ty  was eliminated. The implication of these findings
for  the development of an alertnes8 indicc tor is also discussed.

IN TRODUCTION

In an effort to improve performance in monitoring and vigilance
tasks, various attempts have been made to assess operator efficiency
level. One technique that has been employed involves the use of a
secondary task and giving the operator feedback as to the effective-
ness of his performance (Buck, 1968). Another approach involves

307
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moni torin g one or more phys iol ogi cal parame ters and act iva tin g an
aler t ing device when these parame ters devia te from some cri terion
state. Kennedy .ind Travis (Kennedy ~ Travis , 1947 , 1948; Travis E~Kennedy , 1947, 1949) demons tra ted in a laboratory environmen t tha t
EMG ac tiv ity that ori gina ted from the forehead just above the supr a-
orbital ridges could be used to activa te a signal ( l i ght and/or buz-
zer) to alert a subject (5) when musc le tension had fa ll en to a level
assoc iated with poor perf ormance . In a la ter report, Kennedy (1953)
lists a number of difficulties that were encountered in an attempt
to implement this system in an airplane cockpit. Among them are the
problems of 60-Hz interference and the low signal-to-noise ratio that
is encountered in amplifyin g EMG activi ty.

In addi tion to EMG, a number of other physiological parameters--
brain wave activity , circulatory changes, pupillary response , elec-
tro-dermal activity, respirat ion, and biochemical activity--have been
stud ied as indica tors of attention and aler tnes s (Kahn eman , 1973;
Kornb lum, 1973; -O ’Hanlon, 1970) . The resul ts of these studies have
been both frustrating and intriguing- - frustrating in that there ap-
pears to be no simp le rela tionship between these parameter s and at-
tention ; intriguing in that, in spite of sometimes contntdictory
findings , the results offer a promise that there is a re lat ionship
waiting to be teased out.

Par t of the diff icul ty appears to be due to the fact that phy s-
io logica l activity varies wi th task demands . For examp le , a large
body of empirical evidence indicates tha t cardiac deceleration gen-
erally accompanies attention to the external environmen t, while on
the other hand cardiac acceleration typically accompanies motivated
inattention to the external environmen t or attention to internal ac-
tivity (e.g., problem solving). As a result, experimen tal tasks
which exclusively make either internal or external attention demands
would be l ikely to produ ce conflicting resul ts, wherea s those tasks
that involve both to approximately the same degree would be like ly
to produce nonsignificant resul ts if analyses were based on values
averaged over both types of attentiona l demands .

Research in this area has been stimula ted largely by the stud ies
of the Laceys and their colleagues and consequently this rela tionsh ip
between direc tion of attention and differential cardiac response has
become known as the Lacey Hypothes is. I t should be no ted , however ,
that in spite of the empirical agreement there is a theoretical con-
troversy as to the mech anism underlyin g this rela tionship. Lacey and
Lacey (1974) propose that the changes in HR play a facilitative/in-
hib itory role wi th regard to stimulus in take/rejection . Obris t, How-
ard, Lawler , Galosy , Meyers , and Gaebe l in ( 1974) , on the other hand ,
view HR changes as primarily an index of general somatic activity.

A second elemen t that con tribu tes to the problem of f inding
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unequivocal rela tionships between physiolog ical variable s and at-
ten tion is the marked ind ividual differences found in physi ological
activi ty. Although , as indica ted above , cardiac deceleration usu-
ally accompanies attention to the external environment , Lacey (1959)
reports that 2 out of 15 Ss in a study of visual attention responded
with cardiac acceleration and that 4 out of 16 Ss (3 at a statisti-
ca ll y sign if icant level) showed cardiac accelera tion in an audi tory
discrim ina tion task (Lacey ~ Lacey , 1974). Individual differences
a lso manif est themselves in the wide range of values typical ly  found
in measuring a given vari ab le , e.g., basal skin resistance ranges
from abou t 10K to 500K ohms in the general popula tion .

A third factor that affects the re lationship between physiolog-
ical parameters and attention is the general physiological condition
of the subject . Wil l iam s, Granda, Jones, Lubin, and Armington (1962)
found a positive rela tionship between performance decremen t and theta
activity in sleep-deprived Ss who had bimodal EEG frequency distri-
butions (an individual difference variable) but on ly one of these
f ive Ss showed such a re lationship in the baseline period precedin g
the s leep depr ivation period .

The present study was under taken to determine to what extent
physiological parameters differentially co-vary with accuracy of per-
formance in a task that involved both external and internal atten-
tion demands . The task required Ss to scan a 4x4 letter array (at-
tending to the external environment) and to keep track of the number
of letters that appeared more than once (attending to the internal
environmen t) . In essence , the focus of the study was on the inter-
action (in the statistical sense) between accuracy of performance
and the vari ation in physio logical activity during the task period .

To reduce the var iance attributable to ind ividual differences ,
a standard score transform was applied to the data. An effor t was
made to control the physiological condi tion of the Ss by running
them at the same time of day, reques ting that they eat a light lunch
before the experimen t and asking smokers to refrain fr om smoking for
at least 2 hours prior to the experimen t period . Ss were also
screened for gross physiological abnormali ties and drug usage .

METHOD

Subj ects

Twelve paid volun teer male subjec ts, 17 to 25 years old , were
recruited from a local community college to serve in this study .
All  Ss were screened to insure that they were free from gross phys-

• iol ogical defects, not taking medicine or drugs, and had at least
20/20 correctable vision . Data from two Ss were discarded because
of equipment failure .
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Recordin g Ins trumen ts

The following physiologi cal varia b les were recorded during the
experimen t : skin resistance , heart rate, muscle potential , respira-
tion , and brain wave activity. All  variables were recorded on a
Honeywell 1612 Vis icorder and di gitized and stored on magnetic tape
via a DEC Lab 8/E computer. Brain wave activity was digitized at
the ra te of 100 samples/ sec. All other parame ters were di gitized at
the rate of 10/sec .

Measuremen t of Skin Resis tance

Beckman Skin Elec trodes (6504 18) , Ag-Ag-Cl , with a 10-mm diam-
eter adhesive mask , placed on the middle segment of the volar sur-
face of the first and third finger of the left hand , were used to
record skin resistance . K-Y surgical jelly (Johnson ’s Professional
Produc ts , Co. , New Brunswick , NJ) was used as an electrode med ium .
The skin surface at these sites (and all other electrode sites with
the exception of EEG scalp pl acements) was first cleaned by brisk
rubb ing wi th isopropyl alcohol. Skin resistance was recorded wi th
an Electronic Laboratory Skin Resistance Analyzer Model 308-B which
measures both galvanic skin response (GSR) and basal skin resistance
(BSR) from the same set of electrodes. The device furnished a 7.85
microamperes constant excitation current, providing an equivalent
current density of 10 pa/ cm2 when used with the mask and electrodes
employed in this study . Skin resistance values were transformed
into conductance measures (SCL).

Measuremen t of Hear t Rate

Heart rate (FIR) was recorded from three Grass gold electrodes- -
two were placed on the upper rib cage about 10 cm to the lef t and
righ t of the sternum (the ground on the lef t side) and the third was
affixed over the apex beat. Grass EC-2 electrode paste was used as
the conducting medium for these electrodes and for those employed in
measuring the remaining physiological parameters . The signal was
processed by a Honeywell high frequency EKG channel which was coupled
with a Honeywell Accudata 131 Cardiotachometer. Both the EKG and
cardiotachomet~r outputs were recorded on the Visicorder but only the
tachometer data were digi tized for subsequent analysis.

Measurement of Muscle Potential

Muscle potential (EMG) was recorded from three Grass gold elec-
trodes which were placed on the right forearm in accordance with the
standard forearm extensor pattern described by Davis (1959) . The
signal was processed through a Honeywell Accudata 108 AC amplifier
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which was coupled with an Accudata 109 DC amplifier . The output of
the DC amplifier was fed to a Honeywell Physiological Integrator .
The raw EMG signal and the integrated value of the rectified EMG
signal were recorded on the Visicorder but only the integrator data
were digi tized .

Measurement of Resp iration

Respiration (RESP) was recorded from a mercury-filled strain
gauge that was placed approximately 2.5 cm below the rib cage and
fas tened to the S’s back wi th strips of adhesive tape . The strain
gauge was stretched fr om 7 to 10 cm beyond its relaxed extension .
This signal was processed through a Honeywell Accudata 137A amplifier.

Measurement of Brain Activ ity

Brain activity (EEG) was recorded from the occipi tal area , em-
ploying the bipol ar method , via three Grass gold electrodes . Two of
the electrodes w~ ‘-e placed about 5 cm above the inion at points 3 ci~
to the right ‘ft of the midline . The scalp area at these loca-
tions was c’ ‘ith acetone prior to electrode placement . The
third elec ~d as a ground and was placed over the lef t mas-
toid proc. ie signal was processed by a MED Associates EEG am-
p l i f ier , j .issed through a MED Associates 60-Hz active notch filter
and finally sent through a Krohn-hite Model 3750B filter with low
cutoff set at 1 Hz and high cutoff set at 50 Hz. An on-line fre-
quency analysis of consecutive 10-second segments of EEG activity
was performed on the computer and outputed to DEC tape. The anal-
ysis consisted of determining the amplitudes of the 50 integral fre-
quencies , from 1 to 50 Hz, that were present in the waveform.

Stimulus Material and Control

Stimulus slides consisted of 4x4 letter arrays with varying
numbers of randomly selected letters repeated . Five levels of letter
repetition were employed (0, 2, 3, 4, and 5) and a total of 200 slides
were used in the test series . A repeated letter was one that occur-
red more than once , but was coun ted as one repeat no matter how many
times it occurred in the array . The series was composed of 40 slides
of each repetition level--each slide was a unique random selection
and arrangement of letters. The slides were randomly arranged into
four different sequences (A, B, C, and D),  consisting of 50 slides
each , subject to the following restrictions: Each sequence was to
contain equal numbers of each repetition level and no repetition
level was permitted to occur more than three times in succession.
Four different orders of presentation of these sequences were devel-
oped with each sequence appearing once in the first, second , third,
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and fourth presentation pos it ion to insure that any different ial
dif f icu lty of the blocks would be counterbalanced across time. The
f i rst S was assigned to order 1 , the second to order 2, etc . ;  the
process was then repeated starting with the fifth and ninth Ss.

Slides were controlled by Massey Dickinson (M-D) programming
modules . Slides were advanced once every 10 seconds and slide trays
were changed af ter 75 slides (25 sets of stimulus , response , and
confidence slides [see Procedure]). Two trays or 50 stimulus pre-
sentations constituted one b lock . Ss ’ responses were recorded manu-
all y as they were heard over the intercom in the control room .

Procedure

The Ss reported to the laboratory at 1300 hours and after the
EK G and BSR electrodes and the respiration stra in gauge were attached
they were seated in a comfortable upholstered cha ir where the rest
of the electrodes were attached . During this time the purpose of
the various electrodes was explained and any questions concerning
the process were answered . The experimental chamber was a shielded ,
sound-dampened, and air-conditioned room which was isolated from the
equipmen t room . Overhead illumination in the S’s chamber was kept
on throughout the experiment. The slides were projected on a screen
that was approxima tely 2 m from the S wi th its cen ter point approxi-
mately 60 cm above eye level .

~~ile system calibration was underway , a prerecorded tape of
instructions was played for the S. After calibration, the experi-
menter determined whether the S was experiencing any discomfort and
adjusted any items that might be bothersome .

The experimental task required the S to determine the number of
letters that appeared more than once in a 4x4 array on the stimulus
slide . The S was instructed to withhold his response until a slide
containing the letter “R” was projected. Finall y when a b lank slide
appeared , the S was asked to g ive an estimate of his confidence in
the accuracy of his previous judgmen t on a scale from 0 to 100% with
100% indicating maximum confidence .

To increase motivation , the S was informed that he could earn
up to 2½~ for each correct response depending on his accuracy and
confidence judgment--if he was correct and 100% confident, he was
told he would receive 2½q~; if he was incorrect and 50% confident,
he would lose 1¼* from his bonus money and that other confidence
values wou ld affect his earnings in a similar fashion . In addi tion ,
he was told that no money would be taken from him if he ended up
with a negative bonus. Actually, Ss were paid 2½~ for each correct
score irrespective of their confidence judgment and no deduction s
were made for incorrect answers. This subterfuge was employed in an
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eff ort to obtain a grea ter spread in confidence judgmen t since in
previous studies some Ss gave only two or three different  confidence
jud gments.

Before the test series was started , the S was given 20 practice
t r i a l s  during which he was given the correct response immediately
after  he gave his confidence es t imate .  During the test series , the
S was not given feedback nor was he aware of the length of the ser-
ies or the dura tion of the experimen t other than the fac t tha t the
experiment would be completed by 1800 hours . No clock was present
in the subject room nor was the S permitted to wear his wr is twatch
during the performance of the experimentai task .

Each t r ia l  in the test series lasted 30 seconds (10 seconds
each for the stimulus , response , and conf idence phases) . A single
tray , consist ing of 25 t r ia ls , took 12.5 minutes to present . The
duration of the complete test series was approximately 2 hours (1
hour and 40 minu tes for the presentation of the eight slide trays
and 2 to 3 minu tes to change each tray) .

Data Analysis

Averaged response curves were determined for the RESP , FIR , SCL ,
and EMG variables. The curves are of 30 seconds ’ duration , start-
ing with  the . 5th second of the confidence phase , extending through
the stimulus phase , and ending with the 10th second of the response
phase . Thi s sequence is not the sequence used in the experimental
t r ia l s  ( i . e . ,  stimulus phase , response phase , and confidence phase)
but was chosen so that the effect of pre- and post-stimulus changes
in these parameters could be evaluated in relation to performance
accuracy. This choi ce, of necessity, elimina ted 8 of the 200 t r ia ls
from this analys is since there was no confidence phase precedin g the
f irst stimu lus in each of the eight slide trays .

Each parameter was sampled at .5-second interva ls and the mean
va lues for correct and incorrect trials were determined for each S
at each of these poin ts . Data for a particular trial were classified
as correct or incorrect on the basis of whe ther the stimulus was cor-
rectly identified . Group analyse s are based on the mean data derived
from each S.

Since slides with 0-letter repetitions produced an 8% error rate
while those with five repetitions produced a 70% error rate, it is
possible that analyses of the differences in physiological values
between correct and incorrect tr ials , based on the total stimulus
popu l ation , may have been affected by this difference in difficulty
level. Accordingly , another analysis was made based solely on per-
formance on slides with 3- and 4-letter repetitions which produced
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error rates of 44% and 55% respectively (76 such presentations were
ava il able for each S because four of the ei ght trays started with a
stimulus slide with either 3- or 4-letter repetitions).

In order to compensate for the wide ind ividual d ifferences tha t
are encountered in phys iologica l data, further analyses were made
based on a transforma tion that put each S on the same scale both in
terms of the mean value for a given parameter and dev iations from
this mean value . The transformation is called a standard score by
Dixon and Massey (1957) and employs the fo l lowin g formula :

Z. = 50 + lO(X. - X )/ s
where

Z. = standard score
1

X . = raw score
1

X = mean of the raw scores

s = standard deviation of the raw scores

Both the analyses based on the total stimulus population (STIM[ALL1)
and those based on the subpopulation of 3- and 4-letter repetitions
(STIM[3,4]) were repeated using this transformation . In the subse-
quent discussion raw score data are referred to as RS and standard
score data as SS .

RESULTS

Performance Data

Since two Ss were eliminated because of equipment fai lure , ful l
coun terbalancing of the four random sequences was not ach ieved . Se-
quences B and C, however, were equally represented in the f ir st and
second halves of the experiment . Sequence A , on the other hand , was
represented six times in the first half and four times in the second ,
whi le Sequence D had the rever se representation . The differences in
the mean number of errors between first- and second-half performance
for Sequences A and D were nons ignificant. Mean dif~erences were
.50 and .92, and t(8) values were .091 and .236 respectively. The
performance data for Sequences A and D were combined and the resul t-
ing first- vs. second-half analysis was also nonsignificant ; mean
difference was .40, t( l8) = .127. These resu lts indicated that there
was no reason to reject the hypothes is that effective counterbalanc-
ing had been achieved and the data were therefore examined for per-
formance decrement on the basis of first- vs. second-half perf or-
mance.
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For the STIM(ALL) analysis there was a nonsignificant decrease
in error production between first-half (X = 42) and second-half (X =
41) performance , t ( 9) = .293, p > .05. The STIM(3,4) ana lysi s_showed
an increase in errors from the first half to the second half CX =

18.2 and 21.2 respect ive ly) , but this difference was not significant,
t (9)  = 1.456, p > .05.

Confidence Data

There was a slight , but nonsignificant , increase in the Ss ’
confidence from the f irst to the second half of the experimen t (X =

83.7 and 86.4 respectively), t(9) = 1.286, p > .05 . Sim ilar analyses
were made for correct and incorrect trials wi th the fo l lowing re-
sul ts: During correct trials , first-half mean confidence was 85.3
vs. 88.0 for the second half , t(9) = 1.144, p > .05; for incorrect
trials, mean s were 81 .4 and 84 .7 respectively , t(9) = 1.381 , p > .05.
The data indicate that time did not significantly influence the Ss’
confidence estimates.

The data do indicate that the Ss, as a group , were significan tly
more confident when they were correct than when they were incorrect,
X = 86.7 and 83.1 respectively, t ( 9) = 3.513 , p < .05 . On an indi-
vidua l basis , however , only 4 of the 10 Ss were significantly more
conf ident when they were correc t and 1 5 was more confident when he
was incorrect, although at a nonsignificant level.

Physiological Data

The data were screened for artifacts prior to the classification
of trials as correct or incorrect and before any analyses were per-
formed to elimina te any experimenter bia sing of resul ts.

Since inadequate respiration data was obtained from the seven th
S during the last half of the experiment , his contribution to the
ana lysis of this parameter is based on first-half data only.

Analyses Based on Averaged Response Curves

Separate analyses of variance (ANOVA) were computed for each
phase of the experimental trial (confidence, stimu lus , and response
phase) for each of the data treatments (STIM[ALLJ-RS , STIM[ALL]-SS,
STIM [3,4]-RS , and STIM [3,4]-SS). Each of the parameters (FIR , RESP ,
SCL , and EMG) for which averaged response curves were developed was
analyzed in this manner. A total of 48 ANOVAs were computed for
this part of the analysis using a two-factor within-subjects ANOVA .
The first factor was the accuracy dimension with two levels- -correct
vs. incorrect--while the second factor was the time dimension with
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20 levels - -20  points measured at .5-second intervals  throughout each
10-second phase .

The accuracy-by-time interaction (AxT) was the item of major
in terest in these analy ses because the task demanded both atten tion
to the external env ironment ( scannin g the le tter arrays) and to the
interval environment (keeping a t a l l y  of the number of let ters that
appeared more than once) . This dua l demand coupled with the Lacey
Hypothesis suggested that averaged HR response curves should re-
f lect d i f fer ences in acce lera tive and decelera tive peak s as a func-
tion of accuracy and the task demands that varied with time , par-
ticularl y within the stimu lus phas e. The other parameters wer e
treated in the same fashion to determine to what extent they paral-
leled f-fR activity. A group of a priori comparisons was planned for
each point in time within a phase to pinpoint the location of sig-
nificant interactions . These comparisons entailed the computation
of a cr it ica l difference for each of the interactions. The method
detailed by Snedecor and Cochran (1967) was employed . In computing
these values the two-tai led t value for 120 df at the .05 level was
used , al though in al l  cases more than 120 df were avai lable  for the
significance test-- this  yielded a s l igh t ly  conservative test of the
d ifferences .

The resul ts of these ANOVAs will be discussed in con junctio”
with Figures 1 through 16. In these figures , the vert ical  lines
divide the curves into three sections correspondin g to the confi-
dence , stimulus , and respon se pha ses respectively.  The HR curves
were derived from cardiotachometer data. The operational charac-
teristics of this instrument are such that its output lags the
actual beat-to-beat heart rate changes by approximately 1 second .
As a consequence , what the computer plots show as occurring at , say ,
the 10th second , for exampl e, actually occurred at the 9th second .

Before examining the resul ts  in terms of the AxT interactions ,
there are several general features of the averaged response curves
that merit comment . The HR and RESP curves show a correspondence
that would be anticipated from the intimate interrelationship of
these variab les that has been demonstra ted in previou s resear ch .
In particular , HR peaks la g respira tion peaks even when the cardi o-
tachometer lag is compens ated for . Both of these parame ters show
greater peak activi ty in the confidence and response phases as wou ld
be expected from the verbal activi ty (Ss’ repor ts) required during
these periods . The SCL curves also show the typical incremen ts tha t
general l y  fo l low respira tory peaks. In tegra ted EMC activi ty is max-
imum in the anticipatory period preceding the S’s exposure to the
stimulus sli de . The congruence of these resul ts wi th the f indings
of previous research indica tes  that satisfac tory measuremen t of these
physiologica l parame ters was achieved in the experi ment.
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In the subsequent discussion , F-ratios with p < .05 are con-
sidered significant. It should also be noted that even though an
interaction may not be significant , it is possib le for some of the
differenccs between the means that make up the interaction to be
significant (Snedecor ~ Cochran , 1967). These differences have been
reported wherever they occurred .

The resul ts of the AxT interaction and the cri tical difference
analyses are presen ted in the tab le on the next page. An examina-
tion of this tab le in conjunction with Figures 1 to 4 reveals the
fol lowin g : All  the AxT interactions for HR in the stimulus phase
wi th the exception of the STIM( 3,4)-RS anal yses were significant.
For STIM(ALL)-RS the data display significantly greater HR deceler-
ation early in the 5timulus phase followed by greater acceleration
at the middle of this period iuring incorrect performance. The
STIM( 3,4)-SS data display the same pattern (see Figures 1 and 4).
Wh ile the greater significant acceleration is also seen in the
STIM(ALL)—SS analyses, the increased deceleration that is present
is no.isignificant . The STIM (3,4)-RS analysis shows only one point
of cignificant difference which occurs at the 10.5th second during
the deceleratory phase.

In the st imu lus phase , the foll owin g pattern emerges : Ana lyses
based on raw scores revea l significant differences almos t exclusively
in the condition where the combined stimulus population was examined--
a condi tion in which stimulus diff icul ty as well as accuray of per-
formance is operating. The analyses based on the STIM(3,4)-RS sub-
population , where accuracy alone is operating , failed to produce a
sign i fican t AxT in teraction and indica ted only one poin t of signif-
icant difference. These findings suggest that the raw score approach
is insensi tive to HR covaria tion w ith accuracy. The standard score
method , however , while revealing much the same pattern as was found
in the raw score analysis for the total stimulus population , also
demonstrates this pdttern with the STIM(3,4)-SS population . The
standard score technique thus posscsses the desired sensitivity to
the relationship between HR and performance accuracy .

The pattern of the differences is also i l lumina t ing  in terms of
the Lacey Hypothesis. It suggest~ that during incorrect performance,
Ss oven > at icn ~1 to the external  environment (scanning the letter
array) in the ini tia l par t of the st imulus phase and follow this by
overly attendin g to the in ternal environmen t (keeping a ta l ly  of re-
peated letters) during the middle part of this phase.

One other s ign i f ican t  interact ion was encountered in the HR re-
sults and this occurred in the confidence phase of the STIM(3,4)-SS
analysi.,. The critical-difference analysis indicates that this in-
teraction is associated wi th the two accelerative peaks that appear
in the incorrect curve in this phase (see Figure 3). There is only
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Figure 1. Averaged response curves for HR STIM(ALL)-RS.
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one other occurrence , of substantial duratior., where significan t
differences are found. In the confidence phase of the STIM(ALL)-SS
analyses , the accelerative peak for the incorrect curve is signifi-
cantly greater than that for the correct curve in terms of the crit-
ical-difference analysis even though the AxT interaction was non-
sign i fican t.

These last two results- -greater accelerative activity during
incorrect performance in the confidence phase- -may reflect some form
of interna l activi ty such as daydreamin g tha t would contribute to
the subsequen t poorer performance during the stimulus phase .

Three significant AxT interactions were found in the RESP anal-
yses. These all occurred during the response phase and are of uni-
formly brief durations as indicated by the critical-difference anal-
ysis. In the one response phase where this interaction is nonsig-
nificant (STIM[ALL]-SS) , it is just barely so , p < .08. The critical-
difference analysis consistently places the location of thi s inter-
action in the vicinity of the 21.5th second--the point of maximum
inspiration . Since the correct curve exceeds the incorrect curve
at this poin t, the resul ts suggest that deeper concentration during
correct performance in the stimulus period may have reduced the S’s
oxygen intake and led to this compensatory action . (See Figures 5
through 8.)

In the stimulus phase , the analysis of EMG activi ty produced
three significant AxT interactions with the fourth just  missing sig-
nificance, p < .08. The critical-difference analysis of STIM(ALL)-
RS , S’~IM(ALL)-SS, and STIM(3,4)-SS data consistently places the
location of this interaction at the last few seconds of this phase .
Contrary to expectations from activation theory , greater muscle
tension is found during incorrect performance. It is possible that
wha t is being exhibi ted by this difference is greater restlessness
or that a level of activation has been reached that is incompatible
with optimal performance on this task. The anomalous result obtained
during the STIM(3 ,4)-RS stimulus phase, where significantly grea ter
EMG activi ty was found for correct performance during the early sec-
onds of this period , is difficult to interpret and may simply reflect
a sampling oddity. (See Figures 9 through 12.)

A significant interaction was also found in the confidence phase
of STIM(ALL)-RS analysis and, together with the other significant
differences exhibited by the critical difference analysis , displays
the same relationship found in the stimulus phase- -greater EMG ac-
tivity during incorrect performance- -and may be accounted for in the
same terms as above.

The differences at all points in time between the correct and
incorrect SCL curves, with the exception of two (the 9th and 9.5th
second) in the confidence phase of STIM(3,4)-SS data, exceed the
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Figure 5. Averaged response curves for RESP STIM(ALL)-RS .
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Figure 11. Averaged response curves for EMG STIM(ALL)-SS.
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cri t ical  difference at the .05 level.  AxT interactions for these
data , however , were significant in only three instances--confidence
phases STIM( 3,4)-RS and STIM(3,4)-SS and stimulus phase STIM(ALL)-SS.
The apparent conflict  in these findings may be at t r ibutable to the
presence of a si gn ifican t AxTxS interaction which was used as the
error term for the AxT interaction . The presen t desi gn , however ,
did not permit a test of the AxTxS interaction and this interpreta-
tion must be regarded as conjecture . As a result of this ambiguity,
no further interpretation wi l l be made of the SCL data. (See Fig-
ures 13 through 16.)

In none of the ANOVAs performed on the HR. RESP , and EMG var-
iab les wa s the accuracy main effec t found significant . Th is resul t
underscores the value of the interactive approach in determining the
re lat ionship between accuracy and physiological activi ty . As would
be expec ted , the time main effect was significant in al l instances.

Analyses of EEG Data

These results are based on the EEG frequency analyses that were
performed in real time and outputted to magnetic tape. The amoun t of
data to be stored from the other parameters precluded the storage of
the raw EEC si gnal which was digi tized at approximately 100/second
and resulted in the accumulation of 1024 data points in a 10-second
period . As a consequence , averaged EEC response curves could not
be developed .

In these analyses , response and confidence phase data were
classified as correct or incorrect on the basis of performance in
the preceding stimulus period. Separate ANOVAs were computed for
each phase for each of the following bandwidths : delta (1-3 Hz),
theta (4-7 Hz), and alpha (8-12 Hz). The first factor was the ac-
curacy dimension with two levels and the second was frequencies with
three , four , and five levels respectively. Standard score trans-
forms were no t computed for these data because it was diff icul t to
determine a suitable basis for the tran sforms . If an individual
frequency basis was used , the differences between frequencies would
be obscured whereas if a total frequency basis was employed , domi-
nant frequencies would completely overshadow smaller values. The
STIM(ALL) vs. STIM(3 ,4) breakdowns , however , were analyzed . Thus,
a total of 18 ANOVAs (2 stimulus treatments x 3 phases x 3 bandwidths)
were computed for EEG data. The accuracy main effect was signifi-
cant only for alpha activity in the stimulus phase of the STIM(ALL)
analysis. There was significantly less alpha activity during correct
performance in this condition than during incorrect performance ,
F(1/9) = 5.500 . This finding is in accord with activation theory
which associates reduction or abolition of the alpha rhythm with in-
creased activation .
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Figure 13. A~~raged response curves for SCL STIM(ALL)-RS.

41.0 -

Correct

Incorrec t

40.5 -

0
C-) ‘.u.0 -

-.4
C-)
V.’

3 9 5
4._ I

/ —‘ — ,./ S.#’f .,
‘4~~~~ ,~~~~~~

.. 
/I .4% / 4.. .%,_#. /

39.1 I I I I I I I I I I I I I

2 4 6 8 1 0 12 14 16 18 20 22 24 26 28 30
SECONDS

Figure 14. Averaged response curves for SCL STIM(3 ,4)-RS .



328 N.J. CARRIERO

60 - 
_ _ _ _ _  Correct

Incorrect
V.— — —

’.4
S. —

S.
/55 - 4..

, ,  ‘S
‘ — — %

S 

.40. _ —
S _ _

_ _

/ S.
— —

.-

~~~50-
V.’

-.4

45 - ,-

I—)
V.’

40 I I I I I I I I. ,,,,, 
I I I I I

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
SECONDS

Figure 15. Averaged response curves for SCL STIM(A LL)-SS.
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All  of the frequen cy main effe cts proved si gnif ican t with the
exception of alpha activity in the st imu lus pha se of both the STIM-
(ALL) and STIM( 3,4) data treatments. None of the accuracy x fre-
quency interactions were statistically sigiiificant . The lack of
interaction between the frequency componen ts of a bandw idth and ac-
curacy indicates tha t it would not be profi table to examin e individ-
ual fr equencies as di scrimina tors of correct from i ncorrect perf or-
mance .

DISCUSSION

The evidence from this experiment illustrates the fruitfulness
of the interactive approach in assessing the relationship between
performance and physiological vari ab les. Not one signif icant F-va lue
was obtain ed for the accuracy main effec t in the ANOVAs perf ormed
on the HR , RESP , and EMG data, a result that would have led to re-
jection of these variables as effective discriminators . The inter-
action of accuracy with time of measurement , on the other hand ,
proved sign i f i cant in many instances and , more important, the
pa ttern of the significan t interactions was meanin gful in terms of
both known and hypothesized re lationship s between phy siol ogical ac-
tivity and performance.

In addition , the results indicate that when the operation of
task d i f f icu l ty is elimin ated or diminished (the STIM~3,4] treatment)
the re lation ship between accuracy and performan ce does not appear
(at least not at a statistically significant level) when analyses
are ba sed on raw score data. The de sired statistical sensitivi ty
reappears, howev er , when analyses are based on standard score trans-
forms of the data . These f inding s are particularly important sinc e
in the former instance (diff icul ty opera tive) it is like ly that the
differential difficulty is producing the physiological changes ,
whereas in the latter case (difficulty eliminated) it is more likely
that the physio logical change s are affe ct ing adequacy of perf ormance.
Since in moni toring and vigi lance tasks we are concerned wi th pre-
di ct ing when an operator is likely to start mis sing signals , it is
more essential that we be able to use the physiological changes to
predic t perf ormance changes rather than be able to use task demands
to predict physiolo gical changes. The standard score transform ap-
pears to be a sui table method of achieving this goal .

The results taken as a whole , coupled wi th recent improvem ents
i n computer technology and phy siological moni toring equipmen t, sug-

• gest that it should be possible to construct a practical  alertness
indicator. It would be feasible , for example , to determine opt imal
physiological response curves for an operator under con trol led con-

• ditions , store this prof i le  on a mass storage device , and then test

• on-going physiolog ical ac t iv i ty  during actual  working conditions
against this profile for critical deviations from acceptable levels.
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